One important issue in wireless sensor networks is how to gather sensed information in an energy efficient way since the energy is a scarce resource in a sensor node. Many protocols have been proposed for data-gathering between wireless sensor nodes. However, most of these protocols work on static wireless sensor networks. In this paper, we provide clustering-based and time-driven protocols which minimize energy dissipation for data-gathering in wireless mobile sensor networks where the sensor nodes are capable of mobility. We first consider the node mobility when organizing clusters. Our protocols will have a sensor node select a proper clusterhead to join in order to save energy. We then consider how to elect the cluster-heads and provide two algorithms for cluster-head election. Last, we implement all the protocols and perform the experiments for evaluating the protocols.
INTRODUCTION
A wireless sensor network consists of a large number of tiny, low-power, cheap sensors having sensing, data processing, and wireless communication components. In this paper, we provide three data-gathering protocols in wireless mobile sensor networks where the sensor nodes are capable of moving. Many protocols have been proposed for data gathering or communication between wireless sensor nodes [2, 3, 6, 7, 8, 10, 13] . To our knowledge, most of these protocols work on static wireless sensor networks. Nevertheless, in many applications, the sensor nodes can move either by outside force or its mobility component.
In order to measure the performance of a data-gathering protocol, we will measure the lifetime of a system. The lifetime of a system is the duration in which the system works and relates to (1) the energy consumption and (2) the quality of service. An energy efficient data-gathering protocol can make the system live longer; therefore, improves the service time.
PROBLEMS
Our work is to develop a clustering-based data-gathering protocol for wireless mobile sensor networks, which consists of a number of rounds and each round has two major phases: (1) organizing clusters and (2) message transmission phases. In the phase of organizing clusters, there are two steps: one step is to elect the cluster-heads and then the following step is to form the clusters.
We first introduce a mechanism to form the clusters by considering the node's mobility. Then, we provide two different algorithms to elect the cluster-heads. We measure the energy efficiency by the system lifetime in terms of number of rounds which a system experiences. We consider the wireless mobile sensor networks where:(1) The BS is fixed and located far away from the sensor nodes, (2) All the sensor nodes are homogeneous and power limited, (3) Each sensor node is equipped with a GPS (Global Positioning System) device, (4) Each sensor node is capable of moving: each sensor node has a constant speed and fixed direction (Note that, different sensor nodes may have different speeds and directions.), (5) All sensor nodes are time-synchronized.
CLUSTERING WITH MOBILITY (CM)
Recall that each sensor node can use its location information obtained from the attached GPS device to calculate its speed and direction. In CM (clustering sensor nodes with mobility) protocol, the sensor node then uses such information to estimate the distances from itself to all the clusterheads at some given time t; therefore, can have a better decision on which cluster to join. We further define such a given time t as the clustering factor T c which impacts the organizing of the clusters.
CLUSTER-HEAD ELECTION
We provide two distributed algorithms which avoid the case that there is no cluster-head in a round. The basic idea of the first algorithm is based on LEACH but simply skips the round which has no cluster-heads elected. The other distributed algorithm uses the unique ids of the sensor nodes and decides the cluster-heads by counting. 
EXPERIMENTS
We implement LEACH and our protocols in C++. The result shows that, by using our protocols, the whole system can live longer. Generally, all of our protocols make the system lifetime longer than LEACH: (1) protocol CM makes the system lifetime 5%-10% longer than LEACH and (2) Protocols CM-IR and CM-C perform much better and have 40% -55% longer system lifetime than LEACH. Figure 1 shows one of the results in our experiments and Table 1 
CONCLUSIONS
This paper provides different power-efficient protocols for data-gathering in wireless mobile sensor networks. The simulation work shows that these protocols lead to a 40% -55% longer system lifetime than LEACH and indicates a better selection for the clustering factor. Our future work will consider different mobility patterns among the sensor nodes.
